The offshore/onsite teams' effectiveness of knowledge transfer is significantly measured by a various kinds of factors. In this paper, we propose a Knowledge Transfer (KT) assessment framework which is integrates four criterions: knowledge, team, technology, and organization factors to evaluate KT effectiveness of GSD teams. In this context, we presents fuzzy DEMATEL approach for assessing GSD teams KT effectiveness based on intuitionistic fuzzy numbers (IFNs). In this approach, decision makers provided their subjective judgments on the criteria, characterized on the basis of intuitionistic fuzzy sets. Moreover, intuitionistic fuzzy sets are used in the fuzzy DEMATEL approach can be effectively assessing the KT effectiveness criteria, rank the alternatives. Subsequently, the complete process is illustrated with GSD teams' KT evaluation criteria samples, the factors are ranked using fuzzy linguistic variables which are mapped to IFNs. In that case, IFNs has been converted into their corresponding basic probability assignments (BPAs) and then Dempster-Shafer theory is used to combine the group decision making process. Besides, illustrate applicability and usefulness of proposed approach in group decision making process for evaluation of multiple criteria's under fuzzy environment has been tested by software professionals at Inowits software organization in India.
Introduction
In today's world, offshore/on-site teams' KT effectiveness has been one of the key determinants for evaluating GSD project outcome in the software service outsourcing context. GSD is primarily an outsourcing technique in which on-site teams' work involved in the client location, understanding and auditing the client requirements, whereas, offshore teams operating at different regions, execute the requirements based on the inputs provided by the on-site teams [1] .
Since, many of our related works [1, 2, 3, 4, 5, 6, 7, 18] have emphasized the impact of knowledge transfer success in the Information System (IS) outsourcing. Consistent with earlier studies, this paper investigated the offshore/onsite teams KT effectiveness in GSD projects. Consequently, a comprehensive framework for considering GSD teams' knowledge, team, technology, and organization factors for assessing KT effectiveness in GSD projects has not been reported in the literature. Moreover, the number of studies [8, 13, 14, 16] has adopted IFNs for multi-criteria decision making (MCDM) problems. In addition, fuzzy group decision making based on IFNs for evaluating KT effectiveness in GSD projects has been very limited in the literature. Thus, addressing this research gaps inspired us to employ a fuzzy DEMATEL approach based on intuitionistic fuzzy information has been presented in this paper. Subsequently, the proposed approach will helpful for decision makers to solve the uncertainty and subjective vagueness in MCDM problems.
In our prior research, we have investigated thirty-five evaluation criteria for effectiveness of knowledge transfer among GSD teams' on the basis of combined fuzzy DEMATEL and fuzzy MCDM approach [7] . Based on the results of our earlier study [7] , above studied approaches (DEMATEL-FMCDM) and interview with experts we have identified the majority of ten factors perceived as significant for measuring KT effectiveness in GSD projects as listed in Table. 1.
Consistent with earlier works [6, 7] , to address the enhanced way for identifying KT effectiveness factors in GSD projects, we have adopted fuzzy DEMATEL approach with IFNs in a group decision making process. In our prior work [7] , fuzzy DEMATEL approach has been addressed to evaluate the KT factors. Moreover, we have utilized triangular fuzzy numbers has converted in to crisp scores consisting of number of defuzzification steps. Since, the traditional methods in defuzzification of fuzzy numbers have time consuming and may lead to an error factors. To overcome this problem, the combination of BPA, Dempster-Shafer theory and fuzzy DEMATEL approach has been presented in this paper. Similarly, Dempster-Shafer theory associated with fuzzy DEMATEL approach has been addressed in recent studies [8, 10] to avoid the need for defuzzification process in fuzzy DEMTEL approach. Likewise, this study integrated the Dempster-Shafer theory and fuzzy DEMATEL method for evaluating KT effectiveness in GSD projects.
In recent times, a number of studies [5, 7, 8, 9 ] have adopted a fuzzy DEMATEL approach for evaluation of attributes, interrelationship among the criteria and especially handling the subjective judgments that are vague and imprecise. In this paper, the relative importance of ten KT effectiveness factors has been assessed by thirty experts with the use of linguistic assessments. Further, the linguistic values are represented by IFNs which are represented by their BPA values. Moreover, conversion of an IFN into BPA and fusing them saves the effort of defuzzifying the value set. In addition, when a large set of values are concerned, traditional ways of defuzzification approach becoming tedious and time consuming. As a result, Dempster-Shafer theory has been presented in this study to avoid the need of defuzzification and to fuse the BPA, and then fuzzy DEMATEL approach can be applied on each BPA. Consequently, the very few studies [8, 10] have integrated that Dempster-Shafer theory and fuzzy DEMATEL method for group decision making process. Thus, addressing this research gaps inspired us to propose a combined approach based on fuzzy DEMATEL-Dempster-Shafer theory for evaluating KT effectiveness in GSD projects presented in this paper. To address these research gaps, an empirical study has been carried out in Indian software companies to evaluate KT effectiveness of the GSD teams. The rest of this paper is organized as follows: Section 2 presents the theoretical foundations of Dempster-Shafer theory and fuzzy DEMATEL approach. Section 3 and 4 presents the empirical study and assessment framework used in this research respectively. Section 5 and section 6 presents the findings of the study and concluding remarks of the study has presented to address the significance of KT effectiveness on GSD teams.
Factors

Theoretical Foundations
In this study, the fuzzy DEMATEL approach has been integrated with the Dempster-Shafer theory for evaluation of KT effectiveness from the perspective of GSD teams' via IFNs is Dempster-Shafer in defuzzification process [12, 17] . In Dempster-Shafer theory, the information from each source is seen as a piece of evidences which is represented by a basic probability assignment (BPA) [12] . This study processes the IFNs with help of BPAs in order to do away with a complex defuzzification process. The theoretical foundations of Dempster-Shafer theory and fuzzy DEMATEL have been illustrated in the following sections.
Intuitionistic fuzzy sets (IFS)
Intuitionistic fuzzy sets are sets whose elements have degrees of membership and nonmembership. Intuitionistic fuzzy sets have been introduced by Krassimir Atanassov [15] . The IFS is formally defined as follows: 
Dempster-Shafer theory
Currently, there is an interest to use the evidential reasoning approach on the basis of DempsterShafer theory in MCDM analysis Moreover, the significance of Dempster-Shafer theory is greatly acknowledged in substantial measure of existing literature [11, 20] . In addition, the earlier studies have incorporated Dempster-Shafer theory in MCDM for various kinds of applications [8, 10, 12] . Likewise, the Dempster-Shafer theory is incorporated for analyzing the data in this study, and its computational procedure which is summarized as follows:
Step 1: Set up intuitionistic fuzzy decision matrix
Create a decision matrix A for the important weights of KT effectiveness factors , = 1,2,3, … , ). The respondents , = 1,2,3, … provided their subjective judgments about the importance weights of each KT factors by using linguistic scales (as listed in Table 2 ). The direct relation matrix A is as follows:
In this decision matrix m, n denote the number of respondents and the number of criteria respectively. = , represents Lower-bound (L), Upper bound (U) of a IFNs and fuzzy degree of impact as assessed by i th respondents for j th influential factor. Step 3: Transform linguistic variables into IFN matrix.
Convert the linguistic assessment into IFN matrices to express the relations. Each linguistic variable is represented by an IFNs of the format ( , ) as shown in Table- 2. The initial IFN matrices for three experts' group opinions are tabulated in Table-3 to Table- 5.
Step 4: Conversion IFNs to BPA.
In this study, IFN matrices are converted into BPA matrixes. For example: if an IFN A is represented by ( , ) where is the degree of membership ( ) and is the degree of nonmembership ( ), then the degree of uncertainty ( ) would be calculated as ( ) = 1 − ( ) − ( ). The corresponding BPA matrices for ( ), ( ), and ( ) are represented in Table-6 to Table- 11.
Step 5: Fuse BPAs by Dempster's rule of combination.
To apply Dempster's rule of combination in Eq.(1) to every element of the BPA matrixes, a comprehensive matrix which represents the initial relation can be constructed [8] .
Where K is a normalization constant, applicable when < 1. The fused matrices for ( ) and ( ) are given in Table-12 and Table - 13.
Step 6: Apply fuzzy DEMATEL approach
Apply DEMATEL approach to calculate the overall relation with respect to the BPA of each proposition as shown Eqn.(3)-Eqn. (5) . Then, the relative importance of factors can be identified from different aspects.
Fuzzy DEMATEL
The DEMATEL method is incorporated for analyzing the data in this study, and its computational procedure which is summarized as follows:
Step 1 Step 2: Obtain normalized decision matrix N Normalized matrix is = obtained using Eq. (3) and (4) as shown:
Step 3: Compute the total relational matrix F
In order to calculate total relation matrix F, an identity matrix has to be constructed of the same size as the normalized matrix N. Total relation matrix F can be calculated using the formula given in Eq. (5)
Step 4 Table-3-5 Refer Table 6-11 Refer Table-12 and  Table-13 Refer Table-14-15 Refer Table-16 and  Table-17 Refer Table 17 Step 1: Identify factors
Step 2: Decision Making Analysis
Step 3: IFN Evaluations
Step 4: BPA conversions
Step 5: Orthogonal sum
Step 6: DEMATEL process
Step 
Framework for evaluating KT effectiveness of GSD teams.
To the best of our knowledge, up to date research on evaluating GSD teams KT effectiveness is very limited. Moreover, the assessment framework for the integration of knowledge, team characteristics, technology, and organizational elements for the effectiveness of KT perceived by GSD teams has not been adequately presented in the available literature. Further, the hybridization of Dempster-Shafer theory and fuzzy DEMATEL method for group decision making has addressed only in very few studies. Based on this context, we have integrated Dempster-Shafer theory and DEMATEL approach for evaluating GSD teams' KT effectiveness via intuitionistic fuzzy numbers (IFNs). The construction of proposed framework and its computation procedure under a fuzzy environment is depicted in Fig.1 .
Empirical case for evaluating the KT criteria's of GSD teams
The primary objective of this study is to investigate the influence of GSD teams' KT effectiveness at individual and organization levels in organizational behavior (OB) research phenomenon of GSD projects. To achieve this goal, an empirical study has been carried out in
Inowits software organization located in India. The organization has more than 100 employees, reputation (ISO certification) and provides offshore outsourcing service support to various countries. The demographic details of the respondents of this study were three expert decision groups (executive committee, solution development team, and solution delivery team) of this organization. Consequently, the empirical study has been tested among thirty experts of this organization to validate the effectiveness of KT factors (see table 1 ) of GSD teams. The hybrid Dempster-Shafer theory and DEMATEL approaches were applied in this case study, as illustrated in the following sections.
Measurement of KT effectiveness criteria's by Dempster-Shafer theory
The basic computational procedure of Dempster-Shafer theory used in this study is as follows:
Step 1: KT effectiveness criteria were identified through related literature and our earlier study [7] . Then, create a fuzzy decision matrix with respect to the subjective decisions of 30 experts use the linguistic assessments for the possible rating of ten KT effectiveness criteria and their corresponding IFNs as shown in Table-2.   F1  F2  F3  F4  F5  F6  F7  F8  F9  F10 Step 2: Design the fuzzy linguistic variables. Convert the fuzzy linguistic variables into IFNs.
The initial direct relational matrixes to express the relations on KT criteria and their corresponding IFNs of the experts as shown in Table-3 to Table-5 Step 3: For integrating experts' subjective decisions via IFN matrixes effectively, then IFN matrixes are converted to BPA matrixes as shown in Table-6 to Table-11 . ( ) Step 3: Fuse the BPA matrix by adopting Dempster's rule of combination as given in Eq.(1) and Table-12 and Table- 
Evaluation of KT effectiveness criteria's by Fuzzy DEMATEL
The basic steps of fuzzy DEMATEL approach used in this study are as follows:
Step 1: Convert the fuzzy linguistic assessments into crisp scores. Set up the initial direct relational matrix.
Step 2: Construct the generalized direct relational matrix and total relation matrix to obtain weights of the criteria as shown in Table 14 and Table-15 .
Step 3: Obtain Prominence and relation value and compute the importance of the criteria as shown in Table-16 and Table- 
Results and Discussion
In relation to the four main contexts and ten evaluation criteria for the possible ratings of KT effectiveness with reference to GSD projects has summarized in Table- 1. The expert decision groups of this study were executive committee, solution development team, and solution delivery team of Inowits software organization to evaluate the GSD teams KT effectiveness criteria using IFNs. As a result, three initial direct relational matrixes have been formed as shown in table-3 to   table-5. In addition, table-6 to table-11 shows the IFNs to BPA matrixes conversion with respect to the criteria for each criterion. Subsequently, the Dempster-Shafer theory is used to fuse the BPA matrices of three expert matrices into a single comprehensive matrix in which elements are { ( ), ( ), ( )} as given in table-12 and table-13. The initial direct relation matrix constructed thus it is used in the fuzzy DEMATEL approach. Once the total relation matrix has been computed for the membership and non-membership functions as shown in table-14 and   Table- The indexes R, C, and R-C have been computed via table-14 and 15 respectively. Following the prioritization factors influencing KT effectiveness of GSD teams are figured out as depicted in Fig.2 . In relation to the four main contexts and ten evaluation criteria for the possible ratings of KT effectiveness with reference to GSD projects has summarized in table-16 and table- improved, the performance of LSFs can be greatly acknowledged for KT effectiveness in GSD projects.
Conclusion
In the context of GSD teams' organizational behavior research phenomenon, this research presents a framework to evaluate the KT effectiveness in GSD projects which integrates two aspects: (i) Dempster-Shafer theory and (ii) fuzzy DEMATEL. Moreover, this integrated approach has been investigated in Inowits software organization to explore the significance of the KT effectiveness of offshore/onsite teams in GSD projects. The results clearly indicates that GSD teams KT effectiveness factors reveals key determinant to achieve the GSD project outcome, while their priority relationship and its measures across the criteria under fuzzy environment presented in this paper.
Consequently, this study has presents two valuable contributions: (i) a comprehensive framework of the factors influencing KT effectiveness of GSD teams (ii) Dempster-Shafer theory -DEMATEL approach to find the relative importance of the criteria and to priority the criteria on the basis of intuitionistic fuzzy information. In addition, uncertainty and subjective vagueness within the decision making process, has been effectively handled through IFNs. The proposed approach can be more helpful industry for evaluating KT effectiveness of GSD teams. Similarly, the case study results of this research provide a vivid picture the significance of OB research on offshore/onsite teams' which addresses the significance of KT evaluation criteria's for the outcome of GSD projects. In future, we could include more criteria for KT effectiveness of GSD teams and integrating other fuzzy MCDM approaches to fuse in intuitionistic fuzzy information that is focused in subsequent studies.
